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Method of marking a product, marked p roduct r 6sa iting th ere >o-F 
and method of id entifying saa P 

V 

Field of invention 

The present invention is directed to the marking of commercial 
bulk products, so as to allow for the verification of the genu- 
ine nature and the absence of dilution of said products. It dis- 
closes a method for the invisible in-product marking, as well as 
corresponding authentication procedures and means, which are par- 
ticularly suitable for field audits. Further, a method for the 
off-the-field precise laboratory verification of adulteration 
levels of the said marked bulk products is also given. 

Background of the invention 

In a global economy, which facilitates the trans-boundary move- 
ment of commercial goods, there is an increasing need, from the 
side of tax authorities and brand owners, for methods allowing 
to control the genuine nature of merchandise. 

in the particular case of bulk products, such as distilled alco- 
holic beverages, perfumes, medical preparations, and the like, . 
most counterfeiting is actually performed by replacement or 
adulteration of the original contents, while recycling original 
packaging. Bulk products or bulk materials, in general, are di- 
vided solid or liquid materials which are handled by volume or 
by weight. 

Material-based security solutions (overt and covert), incorpo- 
rated into inks and applied through various printing processes, 
efficiently allow to distinguish genuine packaging from counter- 
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feit one. However, a genuine packaging alone is no warranty by 
itself for that the product content is genuine too. 

Product adulteration, i.e. the ^dilution' of a genuine product 
with a low-grade counterfeits is hereby of particular concern. 
For example, a distilled alcoholic beverage, for which the taxes 
have been paid, might be subsequently diluted to a certain ex- 
tent with an alcoholic ^back-yard' -product, manufactured out of 
tax. Such adulteration causes important losses to the state and 
can also have consequences to public health, in. case where the 
^back-yard' alcohol of poor quality contains larger amounts of 
methanol and/or other toxic contaminants. 

State of the art 

The in-product marking and the authentication of bulk products 
is the object of numerous disclosures of the prior art: US 
5156653 discloses the marking of petroleum products with latent 
dyes (added at the level of parts per million) , which can be 
subsequently revealed through a colouring reaction. US 5980593 
discloses the use of latent fluorescent markers, US 5498808 the 
use of fluorescein esters, all for the same purpose. The use of 
NIR absorbing or emitting colourless dyes as markers has fur- 
thermore been disclosed in US 5525516, US 5998211, US5804447, US 
5723338 and US 5843783. 

The methods and colorants proposed in the cited prior art, al- 
though they are suited for the marking of petroleum products, 
are not appropriate for incorporation into products for human 
application, such as alcoholic beverages, perfumes and medical 
preparations, for several reasons: 



WO 2005/005933 



3 



PCT/EP2004/005391 



i) The products are either not soluble or do not chemically 
withstand in a largely aqueous environment, such as pro- 
vided by products for human application; 

ii) the transparent recipients (glass bottles, etc.) in which 
such products are often commercialised do not sufficiently 
protect the organic marker from photo-degradation; and 

iii) the addition of markers to a food, drug or perfumery prod- 
uct must be compliant with public health and the prescrip- 
tions of regulatory bodies such as the FDA and/or the ATF 
bureau, which is not the case for most of the cited marking 
substances of the' prior art. 

The documents US 5942444 and US 5776713 disclose biologic mark- 
ing agents, to be detected with a specific, monoclonal antibody. 
The technology suffers, however, from certain limitations, too: 

a) The preparation of monoclonal antibodies to specific marker 
molecules is costly and time-consuming, inhibiting a fast 

* change of code' to a new marker and detection system; 

b) the amount of marker which must be present (e.g. 20 ppm in 
"Eau de Cologne" or in Whiskey) can be observed with the help 
of modern analytical tools such as GC-MS and HPLC, and this 
the easier as both methods recommend that no similar chemi- 
cals should be present in the product aside the marker, i.e. 
that there may be no "forest to hide the tree"; 

c) the proposed detection system is only of qualitative nature, 
able to detect the presence of a counterfeit or adulteration, 
without, however, the capability of quantifying the degree of 
adulteration. 

The document US 20020048822 discloses the marking of a product 
with a marker molecule which can be electrochemically reduced or 
oxidised. Presence and amount of the marker is electrochemically 
determined with the help of amperometric or coulometric elec- 
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trodes. The proposed preferred authentication method is liquid 
chromatography (HPLC) separation coupled to an electrochemical 
detector, which is however not suitable as a field-portable au- 
diting instrument. The method recommends as well that the prod- 
uct should be free of other elect roactive compounds, i.e. that 
there may be no "forest to hide the tree". 

The documents US 5981283 and US 5474937 disclose the marking of 
liquids by non-radioactive isotopic compounds. The marker is of 
similar nature as the product to be marked and can thus be per- 
fectly hidden. Only sub-ppm amounts of markers are furthermore 
required, i.e. typically parts per billion (ppb) . The authenti- 
cation is performed by modern analytical tools, comprising a 
gas-chromatography (GC) or electro-spray mass-spectroscopy (MS) 
separation step, followed by a classical f ragmentation-mass- 
spectroscopy (MS) analysis step. However, even this approach 
suffers from limitations: 

a) The deliberate addition of isotopically marked compounds into 
food or beverage products is increasingly less tolerated by 
regulatory authorities; 

b) the cost of isotopic marking compounds is rather high, al- 
though the choice of such compounds is almost limitless; 

c) the authentication, by GC-MS or MS-MS, of ppb amounts of 
markers is time-consuming and requires expensive laboratory 
equipment and highly skilled operating personnel, which makes 
it unsuitable for rapid field audits. 

It is an object of the present invention to overcome the short- 
coming of the prior art, providing for in-product marking meth- 
ods and means for branded or taxed bulk goods which are suited 
for human application. 
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In particular, it is an object of the present invention to pro- 
vide an invisible marking method and means for identifying the 
authenticity and the genuine nature of alcoholic beverages, per- 
fumes, and medical preparations, wherein the marking means can 
be easily incorporated (by mixing or by dissolution) into the 
said bulk products, are robust against aqueous environment and 
light, doe not alter the properties (i.e. taste and smell) of 
the marked products, do not have any negative impact on the 
health of the consumer, and allow for a qualitative and quanti- 
tative determination of the level of adulteration. 

It is a further object of the present invention to provide a 
method of identifying and roughly assessing a correspondingly 
marked product, which is particularly suited for the screening 
in the field, and which can be backed by more precise laboratory 
analyses . 

These objects are solved according to the feature of the inde- 
pendent claims. 

Summary of the invention 

The marking method and means for identifying the authenticity 
and the genuine nature of the present invention applies to bulk 
materials, that means liquids or divided solids which are han- 
dled on a per volume or on a per weight base. The method is par- 
ticularly suited for bulk materials which are destined to human 
application, such as food & drink, pharmaceutical preparations 
or cosmetic products. 

The method consists in the incorporation of at least one ion as 
a marker into the product to be marked. The marker ion or ions 
for the said applications must be: inexpensive, robust, food 
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grade, naturally occurring in order to not raise regulatory con- 
cerns, hidden by naturally occurring similar ions, and declina- 
ble in many different keys or combinations of keys. 

The product (bulk material) to be marked can be a liquid such as 
a distilled alcoholic beverage or an Eau de Cologne, or a solid 
such as a pharmaceutical preparation or a cosmetic product. The 
marker (or trace) ions are preferably incorporated into the said 
bulk material by the means of a marking composition containing, 
them in the form of appropriate salts. 

The invention is based on the idea that the compounds, espe- 
cially the ionic compounds which are used for the marking of the 
product are preferably selected in accordance with a composition 
of an already naturally occurring material, i.e. sea water. This 
assures that there are no regulatory concerns about the marking, 
because sea water is an environment which is compatible with hu- 
man and animal health for already millions of years. Neverthe- 
less, the addition or incorporation of such compounds and the 
resulting concentration has to comply with the various and nu- 
merous legal requirements in force for food, drugs, cosmetics 
etc. like for example the laws and regulations concerning drink- 
ing water. The amount of marking composition and especially the 
individual concentrations of the ions incorporated in the marked 
material or product can be easily kept at non-toxic levels in 
case the marked material or product is intended for human or 
animal use. 



In the context of the present invention, standard sea water is 
defined as having the average compositional values listed in Ta- 
ble 1 below. Table 1 refers to sea water samples taken from the 
North Pacific and having a salinity of 3.5% and is taken from 
the article of Yoshiyuki Nozaki in the Encyclopedia of Ocean 
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Science, Vol. 6 (Eds.: s. A. Thorpe; steeXe; K.K. Turekian 

Academic Press, 2001) . ' 



Table is Estimated mean oceanic concentrations of the elements 
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AmCQ 3 * 

-c, conservative; n, nutrient-like, s,' scanvenged; 
sitive; anth. , anthropogenic, 



r, redox sen- 



The method of marking a material, preferably a liquid comprises 
the steps of 

a) identifying at least one ion comprised in the said material 
at a concentration level of below 50 ppm in the unmarked 
state; 

b) selecting a marking composition comprising at least one ion 
as identified in step a), and preferably selecting a said ion 
from the groups of ions being comprised in standard sea wa- 
ter; 

c) incorporating the marking composition of step b) into the 
said unmarked material; 

wherein the concentration level of the said at least one ion in 
the marked material is increased in step c) by at least the fac- 
tor of 3, preferably of 5 and even more preferred of 8 as com- 
pared to the concentration level of the ion present in the un- 
marked material. 

The amount of marking composition or ions, respectively which is 
added to the unmarked material defines an altered concentration 
level of the at least one ion in the marked product. This con- 
centration level is either measured or calculated and thus de- 
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fines a reference value of the marking and allows the latter au- 
thentication of the marked material or product. 

The method for marking and identifying the authenticity of mate- 
rial, preferably an aqueous or non-aqueous liquid, comprises ad- 
ditionally to the already described steps of marking the steps 
of: 

d) measuring in the marked material the individual concentration 
of the said at least one ion by the means of a sensor; and 

e) comparing the measured value with at least one reference 
value and indicating the result of the comparison. 

The identification of suitable ions for marking can be based on 
information which are provided for example by the supplier of 
the material as a kind of list of ingredients or ionic contents 
or a laboratory analysis performed by a third party on request 
of the customer. 

The assessment of the specific ions and their concentration in 
the unmarked bulk product can also be performed by suitable ana- 
lytical methods, preferably by ion chromatography, atomic ab- 
sorption, ion Selective Electrodes or mass spectroscopy. Based 
on these results the selection of ions or ionic compounds is 
done afterwards. 



A definition of an upper limit for the concentration levels of 
the ions which are suitable for the use as a marking compound in 
the marking composition is advantageous since this allows a lar- 
ger variability of the amount of marking composition added to 
the unmarked material or product. Further, there are no large 
risks that someone is violating a law or regulation in case an 
addition of huge amounts of marking composition is necessary due 
to an originally high concentration level of the ion used for 
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marking. An upper ion concentration limit of 50 ppm has found to 
be suitable in general. Depending on the material or product to 
be marked this upper limit can be shifted to higher values, like 
150 ppm or 100 ppm or to lower values, like 20 ppm or 10 ppm. 
Since the detection limit of electrochemical sensors is around 1 
part per billion (ppb; micrograms/kg) , the upper concentration 
limit for an ion suitable for use in a marking composition is 
high enough to ensure a safe determination of the concentration 
of an ion in an unaltered material. 

Preferably, all those ions which have a concentration around 1 
ppb or higher in standard sea water are suited as potential 
markers in the context of the present invention. Commercially 
available electrodes are usually capable of determining such low 
concentrations without the need for a pre-concentration of the 
samples (which, of course, is also a feasible option in diffi- 
cult cases, using one of the evaporation- or accumula- 
tion/stripping methods known to the skilled in the art). 

The marking composition may comprise at least one salt of the 
group comprising an inorganic or an organic salt. The selected 
ion may be an inorganic or an organic anion or cation. In case 
of a liquid product, the marking composition is preferably cho- 
sen to be completely soluble in the product. 

in particular said ion may be an anion selected from the group 
comprising fluoride, chloride, bromide, iodide, borate, carbon- 
ate, nitrate, phosphate, sulfate, and selenate, or an anion se- 
lected from the group of anions comprising the anions of the 
formula [M x O y (OH) 2 ] n ~, wherein M is an arbitrary chemical element 
of the periodic system, and x, y, z , and n are positive inte- 
gers, and x being greater or equal to 1. Suitable ions are also 
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carboxylic RC0 2 " and sulfonic R<?r> - , • ^ 

a suiromc RS0 3 acid anions, wherein R is an 
organic residue or hydrogen. 

The ion may also be a cation selected fro™ 

selected from the group comprisina 
ammonium ( + ), lithium (+), sodium f+i i™*— • ,^ 

. , , ' soaiuItl ( + )r potassium(+) , rubidium (+) , 

cesium(+), magnesium (2+) . caiHnn./ox^ ^ 

uiu^-r;, caicium(2+), strontium (2+) , bar- 

IZoZ: ir °" ,2+/3+> ' C ° balt(2+ >- "^^1 (2+) , copper (2+) , and 
Z rnc(2 + ,, or a cation selected from the group comprising the ca- 
tions of the formula [^(OH).]- wherein M is an arbitrary 
chemical element of the periodic system, and x, y, and n are 
positive integers, and x being greater or equal to 1. other 
surtable cations are complex cations, such as ammonium, + , and 
the organic ammonium derivatives NR 4 * wherein R is an organic 
residue or hydrogen. 

A typical marking composition may include three to four ions in 
a well defined ratio. By usi ng the ratio of various iona, the 
number of existing combinations is big enough to offer meny 
marking keys. 

The minimal 3-fold excess concentration of the added ion in the 
marked product in comperison to the concentration in unmarked 
product or material ensures that the difference is high enough 
to exceed the value of the stsndard devietions o, meesurements 

" at L^Tf- 1118 8XCeSS ^ C ~ -V Preferably 

be at least five- or better at least eight-fold of the concen- 
tration of the ion m the unmarked product or material. 

The concentration of the marking composition or the ions com- 
posed in the marking composition, respectively which is added 
to the unmarked product is determined, either by measurement or 
by calculation based on the added amount and stored at suitable 
locations like database, production reports etc. . The reference 
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values may also be added directly to the product label as a code 
which will be readable for authentication purposes. 

The marking method according to the present invention are par- 
ticularly suited for marking bulk products destined to human or 
animal application or use, in particular products selected from 
the group of products comprising alcoholic beverages, perfumes, 
cosmetic products, and pharmaceutical preparations. 

A method of identifying the authenticity of a material, espe- 
cially a material which was marked according to the method de- 
scribed above comprises the steps of: 

a) providing reference values of at least one ion comprised in a 
marking composition which has been added to the material ; 

b) measuring by the means of a sensor an individual concentra- 
tion of at least one ion in a material to be identified, the 
sensor being capable of measuring individual concentration 
values of the ionic compound; and 

c) comparing the measured value with at least one reference 
value and indicating the result of the comparison. 

The reference values are either provided to the authorized per- 
sonal by the manufacturer of the product who has marked the 
product or the reference values are already available in form of 
a code for example applied on the container of the marked mate- 
rial. Beside these ways there are still other ways known to the 
skilled person to provide reference data. 

Said measurement on said marked bulk material is preferably per- 
formed in-the-field, as a field-audit, using an electrochemical 
sensor, preferably an ion-selective electrode, or a multi-ion- 
selective electrode, or an ion-selective Field Effect Transis- 
tor. Such field-auditing allows for a quick checking of liquid 
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merchandise, using a small, hand-held, battery-powered instru- 
ment, able to be carried to every place. The used sensor is ca- 
pable of measuring individual concentration values of the ionic 
components comprised in the composition, and to give a first in 
The identification of the authenticity and of the genuine nature 
of the marked products is preferably performed with the help of 
electrochemical methods, as known to the skilled in the art. The 
corresponding equipment is small, field-portable, and able to 
deliver almost immediately a concentration read-out for a se- 
lected ion with the help of a corresponding sensor. Useful sen- 
sors comprise ion-selective electrodes, multi-ion-selective 
electrodes, ion-selective Field-Effect-Transistors, etc. and are 
commercially available. 

The invention relies, as already stated, on the ability to meas- 
ure the concentration [M] of a marking ion in situ with the help 
of a selective electrode. Such selective electrodes are known in 
the art and available from various suppliers for a large number 
of ions and molecules. During the measurement, the electrode is 
part of an electrochemical element, comprising a reference elec- 
trode (giving a standard potential reference), a working elec- 
trode (which is the selective electrode) and an electrolyte 
(which is the liquid to be analyzed) . 

The electrochemical element obeys the Nernst Equation, which re- 
lates the measured electric potential difference AE to the 
sought concentration [M] in the electrolyte: 

AE = AE ref - 0.059* log [M] 
as known to the skilled in the art. 

Ion-selective electrodes are widely used for the assessment of 
aqueous solutions in environmental analysis (both in the field 
and in the laboratory) , in the food & beverage industry, as well 
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as in the biomedical and pharmaceutical industries. Such elec- 
trodes are readily available for the anions F~, CI", Br", I", and 
the cations H + , Na + , K + . There are also selective electrodes 
available for certain divalent ions, such as Ca ++ and Cu ++ . 

Because their working principles are known and understood, ion 
selective electrodes can also be made on purpose for a deter- 
mined ion. There are basically three types of selective elec- • 
trodes: a) those based on a glass membrane (for H + , pH elec- 
trode) ; b) those based on an insoluble inorganic salt membrane 
(e.g. ZnS is selectively sensitive to Zn 2+ and to S 2 " ions); and 
c) those based on ion-exchange or complex- forming resins. Know- 
ing an insoluble salt of, or a selective complex former for a 
determined ion, it is thus always possible to obtain a selective 
electrode. The working principle of a selective electrode is 
very well described and explained in "Electrochemical Methods « 
(Eds.: A. Bard and L.R. Faulkner, Wiley and Sons, 1980). 

Despite of the recommendation for an exclusive use of these ion 
selective electrodes in aqueous solutions, we surprisingly dis- 
covered that the ion-selective electrodes can reliably work in 
alcoholic beverages containing as much as 50% ethanol, as well 
as in perfume containing up to 63% ethanol, provided that some 
care is taken during and after the measurements. 

Another suitable electrochemical sensor for determining the au- 
thenticity and the genuine nature of marked products in the 
field according to the invention is the ion-sensitive-field- 
effect-transistor (ISFET). This type of technology offers the 
advantage of a sensor manufactured by conventional semiconductor 
technology, allowing for a high level of integration and minia- 
turisation of the sensors. 
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The working principle of an ISFET, described in US4816118 and 
references therein, is based on a charge build-up on the gate of 
a MOSFET transistor. To this purpose, the MOSFET transistor, 
manufactured in a standard CMOS process, has an electrically 
*free floating' gate, which is coated with a resin or an inor- 
ganic compound, able to selectively interact with the target 
ions or molecules, adsorbing them to a certain extent. The ad- 
sorbed ions from the solution produce an electric field at the 
gate of the MOSFET, resulting in a change of the current flow 
through the MOSFET' s channel, which is a measure for the target 
ion or molecule concentrations in the solution. The measurement 
is taken against a standard reference electrode, as in the case 
of an ISE. Manufacturers of ISE such as SENTEK Ltd. (UK) offer 
Combination-ISE sensors, with a reference electrode already in- 
cluded in the sensor. This type of device offers the following 
advantages for their integration into a portable field audit: 

- No additional reference electrode needed -» compact system 

- Ideal for unskilled operating persons 

- No electrode-filling solution needed 

- Virtually unbreakable 

- Can be left dry for long periods 

- Long lifetime 

- Relatively low cost 

Combination electrodes can also be obtained from other suppli- 
ers, including Metrohm, Analytical Sensors Inc. or Jenway. 

For the reasons mentioned, said type of ionic sensor is pre- 
ferred. However standard ISE sensors can also be used to embody 
the present invention, provided that a reference electrode is 
also present. 
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In addition to the field-auditing step, the method may further 
comprise an of f-the-f ield laboratory confirmation of a suspect 
sample which has been collected during the field audit. The off- 
the-field laboratory analysis is performed by using a high- 
precision analytical method selected from the group of methods 
comprising atomic absorption spectroscopy (AAS) , ion chromatog- 
raphy (IC), and mass spectrometry (MS) and combinations thereof. 
All these methods are known to the skilled in the art of ana- 
lytical chemistry and need not be further described here. 

The sensitivity limit of ion chromatography (ic) in aqueous sam- 
ples for common ions such as fluoride, chloride, nitrite, ni- 
trate, sulfate, lithium, sodium, ammonium, and potassium is in 
the parts-per-million (ppm) range, using conductivity detectors 
at the column outlet. On certain types of columns, pre- 
concentration techniques may furthermore be used, i.e. the sam- 
ple is accumulated at the top of the column under a first set of 
conditions (generally choice of solvent and temperature) , and 
migrated (separated) under a second set of conditions, pushing 
the sensitivity to the parts-per-billion (ppb) level. Corre- 
sponding equipment is available from Metrohm, Dionex, and oth- 
ers. It is expected that future field-portable ion chromatogra- 
phy equipment will even more enhance the capability of the 
herein disclosed marking and authentication method. 

In a first embodiment of the present invention a distilled alco- 
holic beverage, having an ethyl alcohol concentration of 20 to 
60 Vol% is marked with an marking composition comprising ionic 
markers. The major constituent of the beverage is water. The 
preferred marking composition in this case is an inorganic salt 
or a combination of inorganic salts containing different ions. 
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Thus, preferred ions are chosen among the group comprising fluo- 
rides, chlorides, bromides, iodides, nitrates, sulphates, phos- 
phates, sodium, potassium, magnesium, calcium, and strontium, or 
a mixture thereof. These ions are occurring naturally in mineral 
and in sea water. Regarding the amount of added marker, care 
must be taken to comply with local legislation and not to exceed 
the maximum admitted level for the said ions in drinking water. 

During their manufacturing process, distilled alcoholic bever- 
ages are normally diluted, either after the distillation or af- 
ter the maturing stage. This is done by adding drinkable 
(spring) water in order to reach the desired percentage of ethyl 
alcohol (e.g. 40 %) . It is therefore expected that the final al- 
coholic beverage product to be marked does already contain some 
common ions, present in the diluting water. For this reason it 
is important to analyse the natural ion content of the alcoholic 
product prior to marking, in order to choose the most appropri- 
ate marker ion or combination of marker ions. The natural pres- 
ence of ions in the to-be-marked product could be seen, at first 
instance, as a difficulty to implement a marking according to 
the present invention. However, all to the contrary, it allows, 
in combination with a carefully chosen marker ion or set of 
marker ions, to improve the solidity of the marking system, as 
the already present ions can be taken as forming an integral 
part of the marking, or as a camouflaging of it. 

The ionic marking composition is added in a small proportion, 
ranging between hundreds of parts per million (ppm) down to 0.1 
part per million. The ionic salt(s) can be made up first, but 
not obligatorily, into an aqueous solution, i.e. a "concen- 
trated" or stock solution which may contain up to 10 % solid 
contents. Said stock solution is subsequently introduced into 
the liquid to be marked, so as to reach the appropriate concen- 
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tration levels of ions. The amount of marker (s) present in the 
alcoholic beverage lies preferably between 50 and 0.01 ppm. More 
preferably, the amount of marker is between 5 and 0.5 ppm. 

The marked product can now be audited by inspectors in the 
field, to check for the authenticity and genuineness of the 
product or for its potential adulteration. This is best per- 
formed by using portable potentiometric electrochemical Ion- 
Selective-Electrode (ISE) sensors, which allow for the rapid and 
selective detection of trace amounts of ions present in an elec- 
trolyte. 



With respect to the first embodiment of the present invention, 
the method of marking and/or identifying the authenticity of the 
bulk material includes following steps: 

Determination of the natural ionic content in the alcoholic 

beverage for the proposed marker. 

In-product marking of the alcoholic beverage with at least 
one ionic compound at the ppm level. 

Field inspection to determine the genuine nature of the 
traded product, or, if the case, its adulteration level using 
a portable sensor unit, such as an electrochemical sensor, or 
portable chromatography equipment, such as Ion chromatogra- 
phy. 

- Off-the-field laboratory inspection to confirm the results on 
suspect samples and to precisely quantify their adulteration 
level. 



A second embodiment of the present invention is directed to an 
ionic marking of perfumes. The preferred marking composition in 
this embodiment is a salt or a combination of salts containing 
many different ions. As perfumes are products which are not des- 
tined to be ingested, the amount and nature of useful ions in 
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the marking is larger than in the first embodiment. Care must be 
taken however to respect the corresponding legislation. 

The ionic marker is added in a small proportion, ranging between 
hundreds parts per million (ppm) down to 0.1 part per million, 
preferably between 500 and 0.1 ppm, and even more preferably be- 
tween 100 and 0.5 ppm. Said addition of marker can be performed 
using a pre-formed, more concentrated stock solution. 

The auditing of the genuine nature of the marked products can be 
done along the same lines as given for the first embodiment. 

In a third embodiment of the present invention the bulk product 
to be marked are drugs or pharmaceutical ingredients, especially 
in form of tablets or powders. The preferable marking composi- 
tion in this embodiment is a salt or a combination of salts con- 
taining many different ions. Similar as in the embodiments be- 
fore a typical marking includes three to four ions in a well de- 
fined ratio. By using the ratio of various ions, the number of 
existing combinations is large enough to create many marking 
keys. 

As pharmaceutical products are destined to be ingested, care 
must be taken to choose the nature and amount of ions so as to 
be health compatible and not perturbing or inhibiting the thera- 
peutic effect of the main active ingredient in the drug. 

The ionic marking composition is added in a small proportion, 
ranging between thousand parts per million (ppm) down to 0.1 
part per million, preferably between 1000 and 0.1 ppm, and even 
more preferably between 600 and 1.0 ppm. Said addition of mark- 
ing composition can be performed by using a pre-formed, appro- 
priately concentrated stock formulation, in which the ionic 
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marking composition is pre-mixed with the pharmaceutical product 
at a concentration of a few percent. This stock formulation is 
then added to the final pharmaceutical formulation at the re- 
quired percentage, either during their manufacturing, or after 
during the conditioning process. Alternatively, a diluted solu- 
tion of the marking composition can be dosed to the pharmaceuti- 
cal product, e.g. the tablets during the packaging (blistering) 
stage. 

Auditing can be performed similar to the way disclosed in the 
first embodiment. However, because the marked product is a 
solid, it must be dissolved or dispersed appropriately, before 
any electrochemical measurements can be made. The various ele- 
ments composing the field measurement equipment and the various 
marking and identification steps are similar to the ones de- 
scribed in the embodiments before. 

The invention is now described in more detail with the help of 
examples and figures. 

Figures 

Figure 1: shows a schematic representation of the marking and 
identification method; and 

Figure 2: shows an example of a portable field audit equipment. 
Exemplary embodiments 

A schematic overview over the method for marking and determining 
the authenticity and genuine nature of a bulk product is shown 
in Figure 1 . 
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The concentration levels of the ions contained in the product to 
be marked are determined by suitable methods. From the so ob- 
tained list a selection is made of ions which occur in the un- 
marked product at a concentration level below 50 ppm. Suitable 
salts of these ions are mixed and thus a pre-f abricated stock 
solution or powder 10 is prepared. 

A pre-f abricated stock solution or powder 10 is blended with the 
bulk product 11, resulting in a marked bulk product 12. The bulk 
product 12 is further processed and distributed (not shown) . 

At a later point in time the distributed batches are tested 
whether they are still in their genuine condition or if they 
have been counterfeited or adulterated. A distributed batch 20 
is selected and a field audit analysis 21 is done using the ap- 
propriate equipment. The result 22 indicates identity, forgery 
or adulteration of the distributed batch. 

If the result 22 indicates any kind of manipulation on the dis- 
tributed batch 20, a sample is taken for an laboratory analysis 
30 in order to confirm the result 22 of the field audit test. 

The portable field audit equipment according to Figure 2 com- 
prises the components: 

(1) a marked reference solution standard cuvette for calibra- 
tion; 

(2) a de-ionised water cuvette for electrode initial condition- 
ing; 

(3) a sample-to-be-audited cuvette; 

(4) a stand for the sensor(s); 

(5) a combination ISE sensor; 

(6) a temperature sensor; 
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(7) a millivolt-meter with ADC converter; and 

(8) a laptop PC with dedicated analysis software. 

The marked reference solution 1 is a reference sample of the 
genuine marked alcohol. It is contained in a 30 ml cuvette and 
enables for a proper calibration of the sensor. The de-ionized 
water cuvette 2 contains de-ionized water with ionic marker in a 
30 ml cuvette which serves the purpose of conditioning the sen- 
sor prior to an initial measurement. The sample cuvette 3 is a 
30 ml cuvette containing -the sample to be audited. It is pre- 
ferred that the cuvettes 1, 2 and 3 are identical and that they 
contain identical volumes of fluid, to increase the precision of 
the measurement. 



The stand for the sensors 4 has the purpose of allowing for 
identical, reproducible immersion of the sensors in the cu- 
vettes. The electrochemical sensor 5 is a combination ISE elec- 
trochemical for instance of the type Fluoride directlON, manu- 
factured by SENTEK, Braintree, Essex, UK. Its technical specifi- 
cations are as follows: 
Ion: Fluoride (F~) 

Slope: -57mV / decade in concentration 
Range: 0.2 to 1900 ppm 

Analog electrodes exist from the same supplier for iodide (Io- 
dide directlON), bromide, chloride, sodium (+), potassium ( + ) , 
calcium (2+) , strontium (2+) , copper (2+) , etc. 

The temperature sensor 6, such as a thermocouple, provides in- 
formation to the analysis software for the compensation of tem- 
perature influence in the calculation of the concentration value 
from the measured electrochemical potential. The millivolt- 
meter 7, which measures the electrochemical potential, prefera- 
bly includes an analog-to-digital converter, such as the Meter- 
Less EL IT™ computer interface, allowing the user to link the Ion 
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Specific Electrode (s) directly to any type of Laptop PC without 
needing to use a conventional potentiometer or pH-meter. The 
portable laptop computer 8 contains the appropriate, dedicated 
analysis software, to calculate the concentration of the 
marker (s) in the audited product from the measured potential 
value (s), using the corresponding physico-chemical formulas such 
as the Nernst law. The result can be presented either in abso- 
lute values for the auditor or as a summary displays "Genuine / 
Counterfeit / Adulteration". 

Alternatively, field-portable ion chromatography equipment can 
also be used for the field-audit in appropriate environments. 

Example 1 : Marking of a commercial brandy with fluoride ions. 

The natural ionic content in Fluoride in the brandy to be marked 
was measured using a Fluoride Ion Selective Electrode and was 
determined to be below the detection limit (0.2 ppm) of the ISE 
sensor. Fluoride was consequently determined as being suitable 
for the marking of the commercial brandy. 

A concentrated aqueous stock solution of the marking composition 
was prepared by dissolving 0.1 % w/w of sodium fluoride in high 
purity distilled water. 0.5 g of the above stock solution was 
then added to 999.5 g of a commercial brandy to prepare a refer- 
ence marked brandy having a fluoride concentration of 0.5 ppm. 

To simulate criminal adulteration, the reference marked brandy 
was subsequently "diluted" with non marked brandy to various ex- 
tend, making up brandies A to E as can be seen in Table 2. 

Before starting the authentication measurements, the field de- 
tector was activated by dipping the fluoride ISE electrode 
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(SENTEK) for 30 minutes in 1 ppm aqueous sodium fluoride solu- 
tion. The combination electrode is also connected via the ELIT 
AD converter to the Laptop computer. This activation is only 
necessary if the combination electrode is left dried for a few 
hours. The ISE fluoride detectors was then calibrated by using 
20 ml of the reference marked brandy. The voltage output at the 
combination ISE fluoride electrode was measured via the ELIT in- 
terface after dipping the combination electrode for 120 s in the 
reference sample. This procedure was repeated three times with 
careful washing with de-ionized water and drying in between. 
Provided that the three calibration measurements are within 1% 
difference, the calibration is then validated and the average 
potential is taken as the calibration value for the marked alco- 
hol. 



The marker concentration in the sample A to E was then measured. 
The combination electrode is immersed in the 20 ml samples and 
the voltage output taken after 120s. A careful washing with de- 
ionized water and drying of the electrode between the samples is 
also required. The measured potential value are reported in Ta- 
ble 2 with the corresponding extrapolated and computed concen- 
tration level (from Nernst law and calibration measurement) . The 
results obtained are then compared to theoretical values. 

From the results it is concluded that sample A is genuine marked 
alcohol, sample B is counterfeited alcohol and sample C, D, E 
are genuine marked products which have been adulterated to vari- 
ous extent. The field audit system is precise enough to detect a 
10% adulteration level (sample E) . 



Table 2 



Brandy 


A 


B 


C 


D 


E 


Th. Fluoride concentra- 


0.5 


0.0 


0.2 


0.3 


0.45 
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1~ T_ DTI ( T\r\m \ 












Measured Voltage (mV) 


341.25 


227.29 


317.82 


327 . 66 


33fi 


Cal. concentration (ppm) 
(Field Audit) 


0.50 


0.01 


0.20 


0.30 


0.45 


Status report (Field Au- 
dit) 


* 


** 


*** 


*** 


* ** 


genuine; **: Counterfeit; ***: 


Adulterated 







Example 2 : Marking of a commercial whisky with iodide ions. 

The natural ionic content in Iodide in the whisky to be marked 
was measured using a Iodide Ion Selective Electrode and was de- 
termined to be below the detection limit (0.06 ppm) of the ISE 
sensor. Iodide was consequently determined as being suitable for 
the marking of the commercial whisky. 

A concentrated aqueous stock solution of the marking composition 
was prepared by dissolving 0.1 % w/w of potassium iodide in high 
purity distilled water. 1.0 g of that stock solution was then 
added to 999.0 g of a commercial whisky to prepare a reference 
marked whisky having an iodide concentration of 1.0 ppm. 

To simulate criminal adulteration, the reference marked whisky 
was subsequently "diluted" with non marked whisky to various 
extent, making up whiskies A to D as can be seen in Table 3. 

Before starting the authentication measurements, the combination 
iodide ISE electrode (SENTEK Iodide directlON) was activated by 
dipping it for 30 minutes in 10 ppm aqueous potassium iodide so- 
lution. The combination electrode is also connected via the ELIT 
AD converter to the Laptop computer. This activation step is 
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only required if the combination electrode is left dried over a 
few hours . 

The ISE iodide detectors was calibrated by using 20 ml of the 
reference marked whisky. The voltage output at the combination 
ISE iodide electrode was measured via the ELIT interface after 
dipping the combination electrode in the reference sample, stir- 
ring it for a few seconds and leaving it at rest for 60 s. This 
procedure was repeated 5 times with careful quick washing (4 
seconds) with de-ionized water and drying in between measure- 
ments. Provided that the last three potential measurements are 
within 2% difference, the calibration is then validated and the 
average potential of the last three measurement is taken as the 
calibration value for the marked alcohol. 

The marker concentration in the sample A to D was then measured. 
The measurement procedure was performed as described above for 
example 1, except that the voltage output was taken after 60s. 
Table 3 lists the measured potential values together with the 
corresponding extrapolated and calculated concentration level 
(from Nernst law and calibration measurement) and the comparison 
values with the theoretical values. 



Table 3 



Whisky 


A 


B 


C 


D 


Iodide concentration (ppm) 


1.0 


0.0 


0.5 


0.9 


Measured Voltage (mV; Field) 


-126.54 


-35. 02 


-94.69 


-121.36 


Extrapolated concentration 
(ppm) (Field Audit) 


1.02 


0.03 


0.30 


0.83 


Status report (Field Audit) 


* 


** 


*** 


*** 
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From the above field audit results it is concluded that sample A 
is genuine marked alcohol , sample B is counterfeited alcohol and 
sample C and D are genuine marked products which have been adul- 
terated to various extent. 



Example 3 : Marking of a commercial perfume (eau de cologne) with 
iodide ions. 

The natural ionic content of Iodide in the perfume to be marked 
was measured using a Iodide Ion Selective Electrode and was de- 
termined to be below the detection limit (0.06 ppm) of the ISE 
sensor. Iodide was consequently determined as being suitable for 
the marking of the commercial perfume. 

A concentrated aqueous stock solution of the marking composition 
was prepared by dissolving 0.1 % w/w of potassium iodide in high 
purity distilled water. 5.0 g of that stock solution was then 
added to 995.0 g of a commercial perfume to prepare a reference 
marked eau de cologne having an iodide concentration of 5 ppm. 

To simulate criminal adulteration, the reference marked perfume 
was subsequently "diluted" with non marked product to various 
extent, making up perfume A to D as can be seen in Table 4. 

Before starting the authentication measurements, the combination 
iodide ISE electrode (SENTEK) was activated by dipping it for 30 
minutes in 10 ppm aqueous potassium iodide solution and con- 
nected via the ELIT AD converter to the Laptop computer. 
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The ISE iodide detector was calibrated according to the calibra- 
tion procedure as described above for example 2 except that 20 
ml of the reference marked eau de cologne were used. 

The marker concentration in the sample A to D was then measured. 
The measurement procedure was identical as describe for example 
2. Table 4 lists the measured potential values together with the 
corresponding extrapolated and calculated concentration level 
(from Nernst law and calibration measurement) and the comparison 
values with the theoretical values. 



Table 4 



Eau de cologne 


A 


B 


C 


D 


Iodide concentration (ppm) 


5.0 


4.0 


2.0 


0.0 


Measured Voltage (mV; Field) 


167.09 


-160.25 


-140. 69 


-38.63 


Extrapolated concentration 
(ppm) (Field Audit) 


4.97 


3. 81 


1.77 


0.03 


Status report (Field Audit) 


* 


*** 


*** 


** 



*: Genuine; **: Counterfeit; ***: Adulterated 



From the above Field audit results it is concluded that sample A 
is genuine marked alcohol, sample D is counterfeited alcohol and 
sample B and C are genuine marked products which have been adul- 
terated to various extent. 



Example 4; Marking of a commercial drug tablet (paracetamol, 
acetaminophen) with iodide and potassium ions. 

The natural ionic content of Iodide and potassium in the drug 
tablet to be marked was measured using a Iodide and a potassium 
Ion Selective Electrode (by "dissolving" 10 % of the drug in wa- 
ter) . Both ionic contents were determined to be below the detec- 
tion limit of the two ISE sensors, namely 0.06 ppm for the Io- 
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dide sensor and 0.04 ppm for the potassium sensor. Iodide and 
potassium were consequently determined as being suitable for the 
marking of the commercial drug tablet. 

A concentrated powder stock product containing the marking com- 
position was prepared by mixing 1 % w/w of potassium iodide with 
commercial drug tablets which have been previously finely 
crushed with a pillar and mortar. 0.60 g of that stock powder 
was then added to 9.40g of a commercial paracetamol tablet to 
prepare a reference marked paracetamol powder with concentra- 
tions of 600 ppm K + and I". 

To simulate criminal adulteration, the reference marked drug was 
subsequently adulterated with non marked paracetamol powder 
product, making up drug A to C as can be seen in Table 5. 

Before starting the authentication measurements, the combination 
iodide and potassium ISE electrodes (SENTEK) were activated by 
dipping them for 30 minutes in 100 ppm aqueous potassium iodide 
solution and connected via the ELIT AD converter to the Laptop 
computer. 

The ISE iodide and potassium detectors were then calibrated by 
using 2.0 g of the reference marked drug powder partially "dis- 
solved" in 18.0 g of deionised water. The further calibration 
procedure was carried out as described above for example 2 ex- 
cept the use of a solution of the marked drug. 

The marker concentration in the sample A to C was then measured. 
The combination electrode are immersed in a solution made of 2.0 
g of paracetamol powder from a crushed tablets and 18.0 g of de- 
ionised water. The measurements were performed as described 
above. Table 5 lists the measured potential values together with 
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the corresponding extrapolated and calculated concentration 
level (from Nernst law and calibration measurement) and the com- 
parison values with the theoretical values. 



Table 5 



Drug powder 


A 


B 


C 


iUU1Qe concentration in solu- 
tion ( OTDTTl ) 


60.0 


30.0 


00.0 


Iodide sensor 

Measured Voltage (mV) (Field) 


-234.16 


-213.45 


-69.01 


Extrapolated concentration 
(I" ppm) (Field Audit) 


59.0 


26.3 


0.09 


Potassium concentration (ppm) 


60. 0 


r~ 30. 0 


0.0 


Measured Voltage (mV) (Field) 


78.54 


50.53 


-38.20 


Extrapolated concentration 
(K + ppm) (Field Audit) 


60.1 


20. 10 


0. 63 


Status report (Field Audit) 


G* 




c** 


. genuine; **: Counterfeit; ***: Adulters 


ited 





From the above Field audit results it is concluded that sample A 
is genuine marked drug tablet, sample C is counterfeited drug 
and sample B is a genuine marked product which has been adulter- 
ated to 50% with a non marked product. 



